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Table 1 Model materials and parameters''®!

name material a/S-m™ e k/W-m™-K™" p/kg-m™
ceramic seal ceramics 1x107"° 9.5 24.7 3780
thermistor NTC thermistor Eq. (3) 11 400 460
electrode aluminium 3.78x107 1.0 238.0 2700
bridge area polysilicon 1.3x10° 4.5 148.0 2320

Note: o is electric conductivity. & is dielectric constant. k is thermal conductivity. p is density.
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Table 2 Comparison of thermal equilibrium parameters

thermal equilibrium parameters

total . thermistor  bridge
thermistor
current /0 temperature current
/A /K /A
experimental value® 1 2.22 385.15 0.66
simulation results 1.0013  2.35 381.07 0.71
calculation error 0.13% 5.53% 1.06% 7.04%

PR S Rk, HE W & A T RORN g 1) RO N, &
KA X 50 s N A AL 36 LA T R BF 9T + /0 8. R
JH I 1 NTC P8 F BHL % SCB R #80 | H v b el 2 %50t

LT

R BRI R 0~50 ws, B KEE R 1 ps, ik
HOME DR TR S A9 0 4, 2r Bl 3R BT ATHIR S 5 A
E Rl T A 18] B Z0 A DX B A A o [, AR 5 45
e W B B e 1 BRAE B b 5 Scmk [ 20 ) g 4 s —
2, BRI E 3 s .

M & 3a~f AT, 1 ATE IR BORN T, 52 NTC i i
BH 52 e, M X 7E 50 s PN Y IR T 2ok 72 4 0 25 4 o, AE
0.3 s I X R EEAY K 316 K, I FHiE B2l 68 K, it )
LB 24 17 35 T R Y (LTNR) L JRTELTE 540 K24, i &l 3g
AR FE S ATEIRIORD T, A X T At S B K
POAE0.3 s AFHF X IR B 35 543 K, iR M E Hid

K
A 361

360
350
340
330
320
310
300

V293

a. 1A-300ns b. 1A-5us  c. 1A-10us d. 1A-15pus e. 1A-30us f. 1A-50us
2100
1800+ —=— 5A constant current
7 —e— 1A constant current
1500 Ass3 ¢ 136A3ps
x 12004
= 900
6001 |
e |
300+

5 0 5 10 15 20 25 30 35 40 45 50 55
t/us

g. The temperature comparison result of 1A constant current and 5A constant current bridge area

3 TAYL SATEJE T B X B Ry i B K 25 S %) bh [

Fig.3 The thermal response temperature of the bridge area under 1A and 5A constant current and the comparison of the results

Chinese Journal of Energetic Materials, Vol.XX, No.XX, XXXX (1-9)

A A AL www.energetic—materials.org.cn



HE T - -RRE Y P A BAORE  A PE BOME BT Y

5

A % 24 30T I R BT (LTNR) B BHUR B, X — FF PR
T S AR AT 3 G NTC BB At BH 52 B RE £ 79 7T 4523
N [R) I 7E R b 20 1] 9T i 3k 2B gt B {2
3.2 FFWEARTRRERMSEFES T

B DR S AT T B8 22 A X T IR NTC A

TR BHAY SCB A ARG E 1.1AT.2TW £ 1.5A2.25W
I 6 2H 2l A5 98 B T 00 A B A ST 5T, B ORE S BN 3R 1
FiER o B E SRR 9 0 ~ 300 s, B K% R 1 s,
AV R AR S ARCT L B L 25 SR A 4 TR o [R)D
i X I 32 B (] 1 A2 £, an 181 5 877 o

a. 1.1A1.21W b. 1.2A1.44W
4 NTC-SCB AR T8 T AP 5 75 i = &

c. 1.3A1.69W d. 1.36A1.85W

Fig.4 Thermal equilibrium temperature cloud diagram of NTC-SCB under different working conditions

700
—=—Dridge thermal equilibrium temperature-current fitting curve
° 1.36A
6507
550
500 3
600 x | i
4 400 ]
= 0] - —
0 50 100 150 200 250 300%
n - \
500 i
— =136 A T=540K
450 T T T T :
1.0 14 1.2 1.3 14 15 1.6

I/A
Bl 5 NTC-SCB AN LI X i B 25 1k ]
Fig.5 Temperature change diagram of the bridge area under
different working conditions of NTC-SCB

H & 4 T B TAE FU R R S B, B X AT
Ao ik B S Lo A X A R A A 0 T A T A A U T
JE 45 7E 20~30 Ko |1 5 AT, 45 4 3h 25 v i R 45 45
Al MRS E 1.36 AR P 1.85 W)
BF, M DX Ok 3] 540 K 407 i 5B (8, 1% 25 51 0 4 ik
NTC #A L HL BE A9 T 28 4 01 0 10 1 o 48 it AR AR
T, 38 A PR U K BOR B S B A B 5 | R A
AR R AR SR TR P R AR RS
BRI ORFF — 8 1Y & A B 34 e A RORM B T 132 % 30
F AT R 1 AU
3.3 = ITORBRD T EB AR ZE I R M AT

S PR FE HL ANy ] SRR 2 A PR R S
T J BUE BRI 5, 7E AL 3 B I 1 e e
B4 R R L O A5 BB . 3R T 1 A
FEPE T W IR DL K TATW 7E 300 s T 4 HL -1 -8

CHINESE JOURNAL OF ENERGETIC MATERIALS

A E . B TATW TR R 5 5 1 AE AT W E
AT X H, o0 A L R SRR L BH A AR £
AL T & 6 FE 7 fs

M & 6 AT, 76 1 AT A5 1T, B I B e B
S FEAR (PR R=0.78 Q) , SRR 0.78 W,
I 85 bR 1 22% , TE R R TW SR L (Bl 2 R SR
3 o LA AT R A AL o D R AR EAE W A AT [T %
P RFLAEE T 1 Q0 R H 300 A o 2 o L L A 1 22 B 97 3 34
R TATW T30 A H R B H BT B 8 7 R, U 3
B, e AL )R B P R AR E . Bh
A5 VA R W 3E i 2 gl R R R T 1 AE A X
TR AR R 6 S B A Ik B3 PRt 3 B A
WAL TATW 29 S, X6 22 49 B3 #4578 14 335 o 1 o
TRl o R e o ) -y T T L
o8

P 7 B0 AR AW DR T, B 46 OF
BB ME AT 1 Q, S8GEANBER/NT 1AL BEE
B DX BE T, 29 s B[] @ L BHFF 4R /N T 1 Q, LT
R A i A S PR BT ] (Y R R AR L 1% BHL (AR £k B
LRGSR T 0.61 QBB T 1.28 A,
1 WE T % T 0 BPR A E AR 1 W, (R R 2 8 L i
BEXURS: 5 TATW T30 AU AR DR AE T 1 W, iR il )
FEL 9 5 B 22 4 e R, S TRl R — ) R G B D 4 1
51 W &M L, TATW T80 T B kT 5 R
A ek B % v, e A XU RS TE 449.06 K, NTC #4
il v B 3R BE AR 5 12,18 K, 23 i K i 40.66% 1R TF &
41.26% , 1 DXl B 35 Ak T 22 4 3 8 RN 0 kT

N XK XXXX HF & XX & XX# (1-9)



AR, B BT kIR, m il

16
14
1.2 j,.w""""
1.0

0.8
0.6
041 ——1A
0.21 —e— 1AW
0.0]
0.2

I1A

50 100 150 200 250 300
t/s

o

1.6
1.4 4
1.2 ——1A

1.0 4 —— 1AW
0.8
0.6
0.4 1
0.2 1
0.0 1
0.2

RIQ

0 50 100 150 200 250 300
tl's
Be 1AfEFS TATW T T 8% 0 5 45

1.6
141 ——1A

1.2 —— 1AW
1.0 1

0.8 ';""--..
0.6 4
0.4 4
0.2 1

0.0 1
0.2

PIW

0 30 60 90 120 ‘tI?O 180 210 240 270 300
s
1.6
1.4+
1.2 ——1A
1.0 —— 1AW
0.8
0.6 1
0.4
0.2
0.0
0.2

ulrv

150 200 250 300
t/s

= 4
(S
o
—_
= |
o

Fig.6 Data of 1A constant current and TATW working conditions in the main circuit
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Table 3 Heat balance parameters of electrode plug

current condition total resistance / Q total current / A

total power / W

NTC splitting ratio / % NTC temperature / K

Satisfy 1A 0.78 1.0013
Satisfy TW 0.61 1.28
Satisfy TATW 0.59 1.31

0.78 29.00 381.07
1.00 40.66 405.08
1.01 41.26 417.26

R4 AFETOLT 0 2 H U K 2
Table 4 Maximum deviation of electrical parameters under

different working conditions

comparison total current total power  total resistance

condition [ % [ % / %
TATW vs TA 23.56 22.77 24.36
TATW vs TW 2.29 0.99 3.28
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Numerical Study on Thermal Explosion Safety of Semiconductor Bridge Based on Electro-Magnetic-Thermal
Coupling

MA Jia-xu', FENG feng', DUAN Jia-ning', ZHANG xiao', GAO bo’
(1. Key Laboratory of Special Engine Technology, Ministry of Education, School of Mechanical Engineering , Nanjing University of Science and Technology ,
Nanjing 210094, China; 2. East China Institute of Photo-Electron IC, Bengbu 233030, China)

Abstract: In order to meet the dual constraint requirements of safety current and anti-electromagnetic radiation power of semi-
conductor bridge initiating explosive devices, based on GJB 344A-2020" General specification for insensitive electric initiators’:
Non-fire test standard, the electro-magnetic-thermal multi-physical field coupling model was constructed on COMSOL Multi-
physics platform by numerical simulation method. By integrating the parallel shunt mechanism of negative temperature coeffi-
cient (NTC) thermistor, the loop resistance was monitored in real time and the current input was dynamically compensated. The
effects of thermal safety under three working conditions of constant current 1A, constant power 1 W and double constraints
TATW were compared and analyzed. The results show that the power of 1 A constant current condition is only 0.78 W, which
deviates from the standard by 22% because the loop resistance is reduced to 0.78 Q. The initial current of TW constant power
condition is 0.91 A, which is lower than the safety threshold. The dynamic adjustment strategy realizes the coordinated stability
of current and power through closed-loop control. The heat balance temperature of the bridge area is controlled at 449.06 K,
and the shunt rate is increased from 29% to 41.26% compared with the 1A constant current condition, and the shunt rate is in-
creased by 0.6% compared with the TW constant power condition.

Key words: semiconductor bridge;initiating devices;safety current; COMSOL simulation ; negative temperature coefficient therm-
istor;multiphysics coupling
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An electromagnetic-magnetic-thermal coupling numerical model is constructed, and a strategy of dynamically adjusting current
by real-time impedance feedback function is proposed. The characteristics of temperature and electrical parameter responses of
semiconductor bridge initiating explosive devices under the double constraints of safety current and anti-electromagnetic

radiation are analyzed, and an efficient numerical evaluation method is provided.
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